A Gram-staining-positive, endospore-forming and rod-shaped bacterial strain, designated KUDC0114 T , was isolated from rhizospheric soil of Elymus tsukushiensis from Dongdo Island, one of the largest of the Dokdo Islands, South Korea. The strain displayed optimal growth at 37 6C, pH 8.5 in the absence of NaCl. Based on phylogenetic analysis of 16S rRNA gene sequences, strain KUDC0114
The genus Paenibacillus, which belongs to the family Paenibacillaceae, is a novel group of bacilli first described by Ash et al. (1993) . Based on the results of phylogenetic analysis using 16S rRNA sequencing, the genus Paenibacillus was separated from the genus Bacillus to accommodate the rRNA group 3 bacilli (Ash et al., 1993) . Since then, a large number of novel species have been described and, at the time of writing, the genus Paenibacillus comprises 141 species with validly published names. The members of the genus Paenibacillus are commonly Gram-stain-positive, rod-shaped, endospore-forming, aerobic or facultatively anaerobic bacteria with DNA G+C contents of 39-54 mol% (Saha et al., 2005) . Members of the genus Paenibacillus are widespread micro-organisms commonly isolated from various sources, including air (Rivas et al., 2005a) , food (Berge et al., 2002) , fresh water (Baik et al., 2011) , heat-treated milk (Scheldeman et al., 2004) , human blood (Roux & Raoult, 2004) , necrotic wounds (Glaeser et al., 2013) , warm springs (Saha et al., 2005) and rhizospheric soil (Cheong et al., 2005) . A number of members of this genus have been isolated from plant rhizosphere and deposited as novel species (Rivas et al., 2005b; Ma et al., 2007; Wang et al., 2013) . Moreover, many species of the genus Paenibacillus have been reported to be plant-growth-promoting rhizobacteria which contribute to plant health (Timmusk & Wagner, 1999) . Dokdo is a group of volcanic islands located in the easternmost region of South Korea. It is composed of approximately 89 small islands including Dongdo and Seodo (Cultural Heritage Administration of Korea, 2009) . This region has a harsh environment including high soil salinity, strong winds, steep inclinations and a lack of nutrients for plant growth. Despite the disadvantageous conditions, Elymus tsukushiensis is one of the dominant plant species of Dokdo (Jeon et al., 2009) . It is assumed that the health of the rhizobacterial flora affects plant health (Ham et al., 2009; Hahm et al., 2012; Son et al., 2012) . Since 2009, we have investigated changes of rhizobacterial flora of Elymus tsukushiensis from Dongdo Island (37 u 14' 160 N 131 u 52' 230 E) (Jeon et al., 2009; Son et al., 2014) . During the screening of the rhizobacteria, a novel strain of Gram-staining-positive and rod-shaped bacteria was isolated. In this study, genotypic, physiological, biochemical investigations determined strain KUDC0114
T to be a novel species.
To screen for rhizobacteria, rhizospheric soil of Elymus tsukushiensis was collected from Dongdo Island and rapidly transported to the laboratory. To isolate the rhizobacteria, soil samples were serially diluted and spread on a tryptic soy agar (TSA; Difco) plates (Son et al., 2014) . The plates were then cultured at 30 u C for 2 days, after which strain KUDC0114 T was consistently restreaked on TSA plates. For long-term preservation, KUDC0114
T was stored in 20 % glycerol stocks at 270 u C in a deep freezer prior to use. For identification, the 16S rRNA gene sequence of strain KUDC0114
T was amplified by colony PCR using PCR premix (Bioneer) and two universal primers, H+ (59-GAGTTTGATCATGGCTCAG-39) and SE2 (59-ACGGT-TACCTTGTTACGACTT-39) (Yoon et al., 1998) . EzTaxone database (http://eztaxon-e.ezbiocloud.net/) was used to identify the novel strain and calculate pairwise similarities related to phylogenetic neighbours of the novel strain (Chun et al., 2007) (Hall, 1999) . Multiple alignments of the 16S rRNA sequences of strain KUDC0114
T and other type strains were performed using CLUSTAL W software (Thompson et al., 1997) . Phylogenetic trees were established using the neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 2007) and maximum-parsimony (Kluge & Farris, 1969) methods in the PHYLIP package based on 1000 resampled datasets (Figs 1 and S1, available in the online Supplementary Material) (Felsenstein, 2007 Phenotypic, genotypic and biochemical analysis of strain KUDC0114
T followed the minimal standards presented by Logan et al. (2009) . Gram staining was performed using a commercial Gram staining kit (bioMérieux) according to the manufacturer's method. Cell shape and presence of flagella were confirmed using both light microscopy (Sw 804255; Samwon) and transmission electron microscopy (JEM2010; JEOL) with cells cultured on TSA plates at 30 uC for 2 days. Endospore formation was determined using malachite green, as previously described by Schaeffer & Fulton (1933) . Cell motility was examined using motility test agar (BBL Becton Dickinson) for 2 days, after which cells in growth phase were observed. Spore formation and morphology were determined by malachite green staining and observed using light microscopy. To determine the optimum temperature and salt concentration, KUDC0114 T was incubated in TSB media at various temperatures ranging from 4 to 45 u C and supplemented with NaCl concentrations ranging from 0 % to 10 % (at 1 % intervals).
Growth at various pH ranges was measured at intervals of 0.5 pH units in TSB media pH-adjusted by supplementation with HCl (pH 4.5-7.0), Na 2 CO 3 (pH 7.5-10.5) or NaOH (pH 10.5-12.0). To measure anaerobic growth, KUDC0114
T was streaked on TSA and incubated under anaerobic conditions in a GasPak EZ Standard Incubation Container (BD). Oxidase activity was determined based on oxidation of 1 % (w/v) p-aminodimethylaniline oxalate. Catalase activity was examined by bubble production in 3 % (v/v) H 2 O 2 . Hydrolysis of xanthine, hypoxanthine, tyrosine, casein, starch and Tween 20, 40, 60 and 80 was carried out on agar plate, supplemented with each substance as previously described by Cowan & Steel (1965) . DNase activity was tested on DNase test agar (Difco). Utilization of substrates as a carbon source, acid production and other physiological and biochemical tests were conducted using API 20NE, API 50CH and API ZYM kits (bioMérieux) following the manufacturer's protocol.
To extract genomic DNA, cell biomass of strain KUDC0114
T was harvested from TSB cultures at 30 u C for 2 days. Genomic DNA was extracted and purified according to the method described by Sambrook & Russell (2001) , with modifications. For purification, chromosomal DNA was treated with RNase T1 in conjunction with RNase A to reduce RNA contamination (Sung et al., 2012) . Purified DNA was analysed for determination of DNA G+C content by the method of Tamaoka & Komagata (1984) , in which DNA is hydrolysed by nuclease P1 and analysed by reversed-phase HPLC. Genomic DNA of Escherichia coli K-12 was used as a reference. DNA-DNA hybridization values were determined based on five replicates of strain KUDC0114
T and nine references of greater than 97 % 16S rRNA sequence similarity using the fluorometric hybridization method with photobiotinlabelled DNA probes in microwell plates (Ezaki et al., 1989) . DNA from KUDC0114 T and P. taichungensis DSM 19942 T was used individually as labelled DNA proves for cross-hybridization.
The diamino acid of the cell-wall peptidoglycan was hydrolysed with 6 M HCl and identified by one-dimensional TLC using LL-and meso-diaminopimelic acid, alanine, aspartic acid, diaminobutyric acid, glutamic acid, lysine and ornithine, as previously described by Komagata & Suzuki (1987) . Isoprenoid quinones were extracted using chloroform/methanol (2 : 1, v/v) and analysed by reversephase HPLC on YMC ODS-A (25064.6 mm) columns (Komagata & Suzuki, 1987) . For fatty acid analysis, cells were incubated on TSA plates at 30 u C for 2 days. Fatty acid methyl esters were saponified, methylated and extracted according to the methods of the Sherlock Microbial Identification System, version 4.0 (MIDI). The resulting fatty acids were then analysed using gas chromatography (model 6890; Hewlett Packard) and determined using the TSBA 40 databases of the Microbial Identification System (Sasser, 1990) . Extraction of polar lipids was performed as described by Minnikin et al. (1984) . Polar lipids were identified using two-dimensional TLC with each spray reagent, including ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol.
Strain KUDC0114
T was determined to be Gram-stainingpositive and facultatively anaerobic. It grew well on TSA, nutrient agar (NA; Difco) and R2A (MBcell) plates. Good growth occurred at pH 8.5; KUDC0114
T grew well under more alkaline conditions than other references. The different biochemical characteristics of strain KUDC0114 T and closely related strains of the genus Paenibacillus are shown in Table 1 . Transmission electron micrographs of cells and optical microphotography of endospores are shown in Fig. S2 T was determined to be a representative of a novel species of the genus Paenibacillus.
Similar to most homologous strains, strain KUDC0114
T contained meso-diaminopimelic acid in the cell-wall peptidoglycan, in addition to alanine, aspartic acid, glutamic acid 
Paenibacillus xylanexedens B22a T (EU558281)

Paenibacillus tundrae A10b T (EU558284)
Paenibacillus taichungensis BCRC 17757 T (EU179327)
Paenibacillus pabuli JCM 9074 T (AB045094)
Paenibacillus barcinonensis BP-23 T (AJ716019)
Paenibacillus oceanisediminis L10 T (JF811909)
Paenibacillus xylanilyticus XIL14 T (AY427832)
Paenibacillus illinoisensis NRRL NRS-1356 T (AB073192)
Paenibacillus panacisoli Gsoil 1411 T (AB245384)
Paenibacillus massiliensis 2301065 T (AY323608)
Paenibacillus polymyxa ATCC 842 T (D16276)
Paenibacillus jamilae B.3 T (AJ271157)
Paenibacillus peoriae DSM 8320 T (AJ320494)
Paenibacillus brasilensis PB172 T (AF273740)
Paenibacillus terrae AM141 T (AF391124)
Paenibacillus kribbensis AM49 T (AF391123)
Paenibacillus hunanensis FeL05 T (EU741036)
Paenibacillus hordei RH-N24 T (HQ833590)
Paenibacillus provencensis 4401170 T (EF212893)
Paenibacillus urinalis 5402403 T (EF212892)
Bacillus subtils DSM 10 T (AJ276351)
Paenibacillus dongdonensis KUDC0114 T (KF425513) and lysine. The type of peptidoglycan was A1c according to the system of Schleifer &Kandler (1972) . The predominant isoprenoid quinone of strain KUDC0114 T was menaquinone-7 (MK-7). The major cellular fatty acids of strain KUDC0114 T were anteiso-C 15 : 0 (50.28 %) and C 16 : 0 (18.26 %). The detailed cellular fatty acid profiles of strain KUDC0114
T and nine reference strains are shown in Table 2 . All strains contained anteiso-C 15 : 0 and C 16 : 0 as major fatty acids. However, strain KUDC0114
T contained a relatively high amount of C 16 : 0 . In addition, it contained a significantly higher amount of iso-C 15 : 0 and relatively lesser amounts of iso-C 16 : 0 branched unsaturated fatty acids. The polar lipids of strain KUDC0114
T included diphosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid and an unknown aminophospholipid (Fig. S3) .
Description of Paenibacillus dongdonensis sp. nov.
Paenibacillus dongdonensis (dong.do.nen.sis. N.L. masc. adj. dongdonensis of Dongdo in the Dokdo Islands, Korea, where the type strain was isolated).
Cells were Gram-staining-positive, rod-shaped, endosporeforming, facultatively anaerobic and motile with a single 
